As accelerator beam intensity increases, loading of the RF system becomes a serious problem. Typical solutions include careful accelerating cavity design and active feedback schemes. Since the goal is to provide a low accelerating gap impedance, it is possible to simply drive the gap with a low output impedance amplifier. The "common anode" (also called cathode follower) configuration seems to be ideally suited for such an amplifier but has not received much attention in high power amplifier applications. This paper describes the construction and testing program of high power common anode configured RF amplifiers carried out at the Zero Gradient Synchrotron (ZGS). While amplifiers of this type seem limited to lower frequency accelerator applications, they may prove to be a viable alternative to the more conventional approaches currently in use.
Introduction
Over the past several years the Accelerator Research Facilities Division of Argonne National Laboratory (ANL) has been involved in the design of high intensity rapid cycling accelerators. These machines are typically first harmonic machines requiring rather low frequency RF 
Demonstration Amplifier
Development effort has been centered around construction of a large scale demonstration common anode configured amplifier and the operation of this amplifier under simulated beam loading conditions. Figure 1 shows the schematic diagram of this amplifier and Fig. 2 It should be noted that this in no way represents an optimum electrical or mechanical design since our only interest is to show feasibility. All components including the tubes were selected because of their availability at the sacrifice of having optimum electrical characteristics.
Computer Simulation
In an effort to verify our concepts and to demonstrate the effects of varying circuit parameters, a Tektronix 4051 computer system was utilized. The Plot 50 Electrical Engineering program package3 for this system provides for two port analysis of quite a variety of circuit connections. We have adapted the equivalent circuit of Fig. 3 for our simulation. The two port analysis performed, of course, is a small signal approximation assuming linear operation of the various components, but this may not be unrealistic considering the operating ranges of the real components in question. The Tektronix system also provides for stability calculations which are of particular interest to us. Figure 4 displays the computed two port impedances for the component values of Fig. 1 taking care to include stray values wherever they may be expected to exist. Stability diagrams are not included here but indicate that the amplifier should in theory be stable under any loading conditions. By varying circuit components, it is possible to calculate conditionally stable operating regions indicating that some care is necessary in component selection. A procedure to include beam loading into the two port analysis routine is under development, but has not yet produced results.
Tests/Results
The goal of this development effort is to demonstrate that a common anode configured amplifier can produce accelerating voltages approaching 10 kV peak with output impedances in the tens of ohms range without stability problems. It is also intended to delineate the difficulties implicit in these amplifiers and protection circuitry requirements. We initially intended to construct and operate a demonstration amplifier capable of 10 kV peak RF voltages over a 0.7 MHz to 1.5 MHz range, but have actually been operating around 1.9 to 2.5 MHz, a more difficult endeavor. The following tests were performed with a ferrite loaded accelerating cavity resonant in this range.
One proposed test was to bring the amplifier output up near 10 kV peak with the cavity resonant at 2 MHz and measure output impedance by resistively swamping the accelerating gap (cathode follower output). The available driver amplifier allowed us to reach only about 3 kV peak, so resistive swamping tests were conducted at this level. As a further test, the final amplifier bias was increased so that wire current drove the stage into cutoff. The amplifier remained stable but an anticipated increase in output impedance was observed.
Cathode Follower Problems
The main difficulty we have encountered with cathode follower connected amplifiers is their large drive power requirements. A look at the equivalent circuit Fig. 3 will reveal that one must develop large voltages across the grid to plate capacity of the final stage.
The plate capacity of the driver stage itself must also be included further increasing required drive power. As the operating frequency is increased, one finds that as much power is required to drive a cathode follower as is desired out of it. This difficulty makes cathode follower use impractical except for the lower frequency applications. It is possible to compensate the input capacitance with an inductance, but some form of neutralization would then be required adding complexity to the circuitry. Even at rather low operating frequencies (2 to 5 MHz) one must be willing to sacrifice efficiency for low output impedance, a trade-off not uncommon in broad banded accelerator RF systems.
Amplifier stability is another topic for concern. The tube distributed capacities can combine with stray inductances to form a Colpitts oscillator configuration. The 
